This study aims to investigate whether resveratrol (RES) could inhibit NF-κB activity and protect in vitro cultured chicken lymphocytes from apoptosis induced by continuous LPS stimulation. Blood lymphocytes of chickens were collected and cultured. LPS was added to the samples of treatment group, while the same volume of normal saline (NS) was supplemented to those of the control group. In the treatment groups, four different concentrations of RES (0, 20, 40, and 80 µg/ml) were admixed. Then, the following indicators were tested: lymphocyte apoptotic rate, lymphocyte viability, NF-κB activity, TNF-α level, reactive oxygen species (ROS), and expression of apoptosis-related proteins (Fas/FasL and Caspase-8). The results indicated that the application of different concentrations of RES could significantly increase the viability of lymphocytes and decrease the apoptotic rate (p<0.05) after continuous stimulations by LPS. The activity of NF-κB levels of TNF-α and ROS in the RES treatment subgroups was significantly decreased in comparison with that in the RES-blank subgroup (p<0.05). The cells in the treatment group that had been treated with 20, 40 and 80 μl/ml of RES exhibited a significantly lower Fas and Caspase-8 expression level than that in the RES-blank subgroup (p<0.05). These findings revealed that RES could substantially diminish the concentrations of ROS and TNF-α, down-regulate NF-κB activity, decrease the expression of Fas and Caspase-8, stimulate the activity of peripheral lymphocytes, and lower the rate of their apoptosis, induced by continuous LPS stimulation in chicken lymphocyte cultures.
INtRODUCtION
Pathogen activity, including the effect of the bacterial product lipopolysaccharide (LPS), can induce cellular immune responses to over activate lymphocytes and initiate the production of a great number of inflammatory factors (Zhang, 2017; Spurlock, 1997; Shini et al. 2008) and reactive oxygen species (Ben et al., 1999) . Infection with LPS ultimately leading to structural damages of the lymphocytes and their apoptosis (Rodrigues et al., 1999; , and the consequent decrease in lymphocyte count and immune functions (Lappin & Ferguson, 2009 ). The methods examined and utilized to improve the immune functions of the body through the reduction of the inflammatory responses and lymphocyte apoptosis induced by immune stressor factors, including the application of LPS, have gained an ever-increasing research interest. Previous studies showed that the mechanisms participating in the stimulation of inflammatory responses and lymphocyte apoptosis induced by LPS, were involved in the initiation of a nuclear transcription factor -the κappa B (NF-κB)
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signaling pathway (Lawrence, et al., 2005) . NF-κB is an important nuclear transcription factor with extensive regulatory biological functions, which can activate the transcription of multiple genes and play crucial roles in the inflammatory responses, oxidative stress (Zhang et al., 2013) , and cellular apoptosis (Manna et al., 2000; Barkett et al., 1999) . Fas receptor-mediated Caspase-8 activation is an important pathway of cellular apoptosis.
Resveratrol (RES) is a natural polyphenol compound with anti-inflammatory effects (Shakibaei et al., 2008) that reduces cellular oxidative stress (Wang et al, 2017; Yun et al., 2012) , and protects the cells from damages or apoptosis (Hsieh et al., 2002; Seo et al., 2014) . Earlier investigations demonstrated that RES inhibited the activation of NF-κB (Yi et al., 2011; Tsai et al., 1999) . However, only a very limited number of examinations in domestic fowls have been performed. The activation of NF-κB induces the transcription of anti-apoptotic or pro-apoptotic genes, which is dependent on the differences of the stimuli and the cell types. In recent years, several studies were conducted, focusing mainly on the antioxidative effects of RES on domestic fowls. For example, it was revealed that the utilization of 400 mg/kg of RES could effectively improve the antioxidative status in chickens and eggs (Sahin, et al. 2010) . In another investigation, the daily administration of RES was found to reduce the oxidative stress in domestic fowls and to protect their liver cells (Sahin, et al. 2012) . In the present study, we aimed to explore the molecular mechanisms involved in the protective action of RES on the apoptosis of lymphocytes and provide exact theoretic evidence for the regulation of the immunological stress-induced lymphocyte apoptosis in animals.
MAtERIALS AND MEtHODS

Isolation and culture of lymphocytes
Specific Pathogen-Free 1-day-old hybrid chickens (Luo Dao Hong×White Lai Hang) were selected from the experimental chicken farm of Henan Agricultural University and fed ad libitum with a standard diet formulated to meet the nutrient requirements as recommended by the National Research Council. At 2 weeks of age, six birds were anesthetized using urethane and bled by cardiac puncture using a heparinized syringe. All experiments were approved by the Science and Technology Department of Henan Province Animal Care and Use Committee.
Peripheral blood was collected from the heart of these chickens, and the lymphocytes were isolated. In brief, 3 ml of fresh anticoagulant blood was mixed with Hank's solution (1:1), and then 2 ml of the lymphocyte separation liquid was carefully added to the surface of the mixed liquid. A centrifugation was performed at 1500 rpm for 15 min, on a rotator with a radius of 15 cm; then, a capillary pipette was used to carefully collect the PBMC layer (the second layer) along the tube wall to draw the lymphocytes. Afterwards, the cells were washed with Hank's solution, centrifuged at 1800 rpm for 10 min; the supernatant was discarded, washed again, centrifuged at 1400 rpm for 10 min, and then discarded again). The isolated lymphocytes were cultured in the presence of PHA. On the second day after the incubation, LPS (a final concentration of 10 μl/ml) was added to the four treatment group samples, while the same volume of normal saline (NS) was added to the control group. The four treatments were with four different concentrations of RES (0, 20, 40, and 80 μg/mL), respectively. There were 6 replicates, 3 triplicates, in each treatment. The lymphocytes were cultured at 37 °C, 5% CO 2 , 95% O 2 , and pH of 7.0-7.2 for 72 h. Then, 30 ul of the culture medium was collected from each well for the measurements.
Estimation of the apoptotic rate of the lymphocytes
The apoptotic rate of the lymphocytes was measured via in situ terminal deoxynucleotidyl transferasemediated nick end labeling (TUNEL). In a few words, the cell suspension was collected and washed with PBS, and then a 4% paraformaldehyde solution was used to fix the cells for 30-60 min. During the fixation, the cells were shaken gently to avoid cell agglomeration. Next, they were washed twice with pure PBS, and PBS containing 0.1% of Triton X-100 was employed to resuspend the cells, followed by incubation in ice for 2 min. TdT enzyme and a fluorescent labeling solution (FITC) were utilized to prepare the TUNEL detecting solution, 50 μl of which was added to each well, and then the cells were incubated at 37 °C for 60 min. After the cells were washed twice with PBS, 250-500 μl PBS was used to suspend the cells, and then a flow cytometer was used to estimate the apoptotic rate of the cells Fig.1 at an excitation wavelength of 450-500 nm and an emission wavelength of 516-565 nm (green fluorescence). 
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Evaluation of the viability of lymphocytes
The lymphocyte transformation rate was measured by the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide colorimetric assay] method as follows: 1) Preparing MTT solution: 25 mg of MTT was dissolved in 5 ml of MTT solvent to obtain 5 mg/ml of MTT solution. The solution could be used immediately or stored at -20 °C in the dark; 2) 2000 cells (100 μl) were added into each well; 3) 10 μl MTT solution was added into each well, and then the cells were incubated for 4 h.4) 10 μl of Formanzan dissolve solution was added into each well, and then the cells were incubated until the Formanzan was found completely dissolved under a microscope (generally, the incubation at 37 °C for 4h could completely dissolve the Formanzan; however, the time could also vary along with the amount of purple crystals; 5) The optical density (OD) at 570 nm was measured to determine the cell proliferation level.
NF-κB and TNF-α assessments
The activity of NF-κB in the cell nucleus was measured through the transfer of the p65 subunit into the cell nucleus by immunofluorescent staining by the use of NF-κB Activation-Nuclear Translocation Assay kits (Beyotime Institute of Biotechnology, ShangHai, China), according to the manufacturer's instructions.
TNF-α level in the cell culture medium was measured via the Enzyme-linked immunosorbent assay (ELISA) kits (Shanghai Jianglai Biological Technology Co., LTD,ShangHai, China ) for chicken according to the manufacturer's instructions.
Measuring the rates of reactive oxygen species (ROS)
The levels of ROS in the cell culture medium were measured by ROS detecting kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China), according to the manufacturer's instructions by fluorometric analysis and cell's microscopic imaging analysis. In brief, cells (1 × 104 per well) were incubated with 10 μM DCFH-DA reaction mixture for 30 min at 37 °C. The reaction mixture was poured out, and the cells were washed two times quickly with PBS. Cells were collected and re-suspended cells with 1 ml PBS. Then, fluorescence intensity was measured using a multi-well microplate reader at an excitation wave length of 485 nm and emission wavelength of 528 nm. The values were expressed as percentage of fluorescence intensity relative to control wells.
Determination of the expression of apoptosis-related proteins by Western Blot Analysis
The expression of apoptosis-related proteins (Fas and Caspase-8) was performed by Western blot according to the following methods: The total proteins of cells were extracted and mixed with equal volumes of sample buffer, heated for 4 min at 94 ºC, subjected to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinyl difluoride (PVDF) membranes. The PVDF membrane was rinsed in a TBST solution for 10 min, after which a block of 2 h was performed by a blocking buffer. After the membrane was washed with the TBST solution 3 times, a primary monoclonal antibody (1:1000 dilution) (Santa Cruz Biotechnology, Inc ,Texas, USA ) was dissolved in the blocking buffer to a final concentration according to the manufacturer's instructions and added, and the membrane was incubated at room temperature for 2 h. Then the membrane was rinsed with TBST solution 3 times. Following the manufacturer's instructions, a secondary antibody (Zhongshan Company, Beijing, China) was dissolved in the blocking buffer to a final concentration and added. Then, the membrane was incubated for 2 h, after which the membrane was rinsed with TBST solution 4 times.
Membranes were visualized using a chemiluminescence reagent kit (Santa Cruz Biotechnology, Inc ,Texas, USA) and the images were produced and examined by a chemiluminescence imaging system, and the optical densities (ODs) of the target bands were analyzed via a gel imaging system.
Statistical analysis
A statistical analysis package f was utilized to perform a one-way analysis of variance (one-way ANOVA), and the Duncan's multiple comparison test was used for the statistical analyses. p<0.05 was considered statistically significant.
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RESULtS
Viability and apoptotic rate of peripheral lymphocytes Table 1 illustrates the effects of RES on the viability and apoptotic rate of peripheral lymphocytes induced by LPS in chickens. The results indicated that continuous stimulation by LPS could significantly decrease the viability of lymphocytes and increase the apoptotic rate (p<0.05) as compared with the control. The application of different concentrations of RES (20, 40, and 80 μl/ml) could significantly increase the viability of lymphocytes and decrease the apoptotic rate in the treatment groups as compared with the RES-blank subgroup (p<0.05). Table 3 -Impact of RES on the expression of apoptosis-related proteins inflicted by LPS in the fluid of the culture medium of chicken peripheral lymphocytes.
Treatments Variable
LPS+0µg/ml RES LPS+20µg/ml RES LPS+40µg/ml RES LPS+80µg/ml RES SEM p Activity of NF-κB levels of TNF-α and ROS Table 2 displays the effects of RES on the induced by LPS activity of NF-κB levels of TNF-α and ROS in the culture medium of chicken peripheral lymphocytes. The results demonstrated that continuous stimulation by LPS could significantly increase the activity of NF-κB levels of TNF-α and ROS as well (p<0.05). The activity of NF-κB levels of TNF-α and ROS in the RES treatment subgroups (20, 40, and 80 μl/ml of RES) was significantly decreased in comparison with that in the RES-blank subgroup (p<0.05). Table 3 shows the effects of RES on the expression of Fas and Caspase-8, instigated by LPS in the culture medium of chicken peripheral lymphocytes. The results evidenced that continuous stimulation by LPS could significantly increase the relative expression of the apoptosis-related proteins Fas and Caspase-8 (p<0.05). The cells in the treatment group that had been treated with 20, 40 and 80 μl/ml of RES exhibited a significantly lower Fas and Caspase-8 expression level than that in the RES-blank subgroup (p<0.05). Similarly, the cells in the group treated with 40 or 80 μl/ml of RES demonstrated a significantly lower Caspase-8 expression level in comparison to that of the 20 μl/ml RES subgroup (p<0.05).
Expression of apoptosis-related proteins in the lymphocytes
DISCUSSION
The number and activity of lymphocytes are important indicators for the evaluation of immune functions in chickens and mammals (Finlay & Cossart, 1997) . The increased apoptotic rate of lymphocytes could decrease lymphocyte count and inhibit immune functions (Zorrilla, et al., 2001; Ato, et al., 2013) . Cell apoptosis is a process of a programmed cell death, which is a positive self-killing method of the cells, triggered by certain physiological or pathological conditions and regulated by internal and external microenvironment Resveratrol Attenuates LPS-induced Apoptosis via Inhibiting NF-κB Activity in Chicken Peripheral Lymphocyte Cultures factors alone, or in complicated interactions with multiple cellular regulatory genes. Initiation of a cell apoptosis involves the activation, expression, and regulation of a series of genes. Disorders in cellular apoptosis could be directly or indirectly associated with a number of diseases. Several bacteria, as well as other pathogens and LPS induce immunological stress, inflammatory responses, and oxidative DNA damages in cells, leading to the escalated apoptosis of immune cells, decreased cell counts, and finally causing immune dysfunctions Bowen, et al., 2009) . The long-term stress elicits the expression of the cellular death receptor Fas, which increases the sensitivity of lymphocytes to apoptosis, and thus reduces the cell count of lymphocytes and downregulate immunosuppression (Yin, et al., 2000; Silberman et al., 2002) . In the present study, the mechanisms involved in the apoptosis of the lymphocytes, provoked by the application of LPS, were investigated.
On the one hand, the LPS stimulation could significantly increase the levels of TNF-α and ROS in the culture medium of chicken peripheral lymphocytes, damage the cellular structure, and induce the apoptosis of lymphocytes; on the other hand, TNF-α and ROS are extracellular stimuli that could activate NF-κB, which in turn could increase the expression of the cellular death receptor Fas and the pro-apoptotic gene Caspase-8, and thus initiate the Fas signaling pathway in lymphocytes, leading to an elevated apoptotic rate of the lymphocytes, and reduced overall lymphocyte count and viability. RES caused a decline in the production of inflammatory factors and ROS, and thus limited the cellular damages caused by these influences (Gao, et al., 2011; Yan, et al., 2011) ; in addition, RES also inhibited the activation of NF-κB by these extracellular signals (Ashutosh, et al., 2010) .
In this investigation, we found that the application of RES significantly lowered the levels of TNF-α and ROS, as well as the activity of NF-κB in the culture medium of chicken peripheral lymphocytes (P <0.05). Furthermore, the expression of Fas and Caspase-8 in the cells was also downregulated, which decreased the level of the LPS-induced apoptosis of the chicken peripheral lymphocytes. The mechanisms involved in the NF-κB reduction effects caused by the RES treatment could be associated with the anti-inflammatory and antioxidative effects, which led to a decline in the extracellular signals, including the activities of TNF-α and ROS. In turn, this decreased the activation of NF-κB, the transcription and biological syntheses of Fas and Caspase-8, and the apoptosis of lymphocytes.
These findings provide evidence that at a cellular and protein level RES could negatively regulate the apoptosis of chicken peripheral lymphocytes induced by LPS. The results of this study could provide valuable theoretical evidence and a practical contribution to the determination of the exact regulation mechanisms of lymphocyte apoptosis caused by stress. In summary, RES inhibited the production of extracellular signal factors, including TNF-α and ROS, reduced the activation of NF-κB, and consequently downregulated the transcription and biological syntheses of Fas and Caspase-8, leading to the protection of the chicken peripheral lymphocytes from LPS-induced apoptosis.
